Food prices are expected to affect dietary intakes, however, previous findings are mixed and few are based on nationally representative data. We examined the associations of price indices of fast foods (FF-PI) and fruits and vegetables (FV-PI) with dietary intakes and BMI among U.S. children and adolescents using data from the Continuing Survey of Food Intakes by Individuals (CSFII; 1994 -1998 for 6759 children (2-9 y) and 1679 adolescents (10-18 y). FF-PI and FV-PI were linked to individuals' CSFII dietary data through city-level geocodes. Main outcomes included intakes of selected nutrients and food groups, a fast food consumption index (FF-CI), diet quality using the 2005 Healthy Eating Index (HEI), and BMI. Among children (2-9 y), a higher FF-PI (by $1) was associated with intakes of lower FF-CI (b 6 SE: 20.9 6 0.3 count/d), higher HEI (6.6 6 2.5), higher intakes of fiber (2.7 6 0. 
Introduction
Childhood obesity is a serious public health problem in the U.S. and many other parts of the world. U.S. children have become substantially heavier over the last several decades, amplifying the burden of many chronic diseases in the population (1) . The epidemic has been linked to excessive food consumption coupled with sedentary lifestyles (2) . Prospective studies have indicated that specific behavioral factors may be able to predict weight gain and obesity among children, including consumption of fast foods (FF) 7 (3) and sugar-sweetened beverages (4) (5) (6) . However, children's eating behavior and food choices may be influenced by a number of extraneous environmental factors. For instance, the changing nature of food supply, food advertising, marketing, and promotion as well as food prices may alter children's food consumption patterns. While individual factors may determine preferences and income constraints, prevailing food prices in the local environment could modify food choices through their impact on purchasing ability of certain types of foods, with marked consequences on diet quality, for which patterns may be more salient among the poorer populations. Some studies thus far assessed food prices as environmental factors operating at the institutional (e.g. schools) or neighborhood levels to affect food purchasing behavior and dietary intake (7) (8) (9) (10) (11) (12) . A number of studies indicated a certain degree of price elasticity when food price interventions were applied to the working or school environments or observed better eating behaviors and improved nutritional status when prices of healthy diets were reduced while those of unhealthy foods were increased (8) (9) (10) (11) . However, these findings may not be generalizable in uncontrolled environments. Several recent studies also revealed a significant association between food prices and weight status among children (13, 14) and adolescents (7, 15) . Nevertheless, none have examined whether food prices Table 1 is available with the online posting of this paper at jn. nutrition.org.
affect overall diet quality or consumption of FF among children and adolescents.
Our study aimed to examine the associations of prices of FF and fruits and vegetables (FV) with dietary intakes (including energy, selected nutrients and food groups, and overall diet quality) and BMI among U.S. children (2-9 y) and adolescents (10-18 y) . We further assessed differences in these associations across family income groups. We hypothesized that higher prices of FF or lower FV prices had a desirable impact on dietary quality (positive association) and BMI (inverse association) and these associations were more pronounced among the poor population, who might be more price sensitive.
Materials and Methods
Database and study population Data from the USDA Continuing Survey of Food Intakes by Individuals (CSFII) 1994-1996 and additional data collected from children aged 2-9 y in 1998 were used (16) . Between 1994 and 1996, a nationally representative multi-stage stratified sample of 16,103 noninstitutionalized persons aged 0 to 90 y residing in the U.S. contained information about dietary intakes (by 1 or 2 nonconsecutive, multiple-pass 24-h recalls that were 3-10 d apart), socioeconomics, demographics, lifestyles, and health parameters. CSFII collected information on selfreported weight and height.
In the CSFII 1994-1996, 3166 children aged 2-9 y had complete data on d 1 of dietary recall, whereas 3051 completed both days of recall. Among the 1998 CSFII 4011 child sample, 3819 completed both days of recall. A total of 6759 children had 2 complete 24-h recalls and were included in our study after excluding participants with physician-rated health assessing the presence of any of the chronic conditions (diabetes, high blood pressure, heart disease, cancer, osteoporosis, high blood cholesterol, stroke; n = 111). The latter criterion was used to restrict the sample to participants that were free from these long-standing illnesses. Similarly, a total of 1679 adolescents aged 10-18 y who had completed both days of dietary recall and were free from long-standing illness (n = 72) from CSFII 1994-1996 were included in the analysis.
Dietary intakes and dietary quality indicators
Dietary intakes were assessed using two 24-h dietary recalls. Proxy response was the common pattern among children (only 7 and 11% selfreported dietary intake on d 1 and 2, respectively) and 90% of adolescents self-reported. Based on responses that uncovered types of foods consumed during these 2 d along with their portion sizes, nutrient intake was estimated by the USDA using food composition tables that were designed specifically to be used for this survey. Moreover, the foods consumed by our study population were grouped into broad categories such as FF and FV.
Mean dietary intakes of foods and nutrients from the 2-d 24-h recalls were analyzed. Selected indicators included intakes of energy, total and saturated fat (as percentage of total calories), sodium, and sugar, the excess of which reduce diet quality. We also studied intakes of FV, fiber, dairy products, and calcium, adequate intake of which improve diet quality.
Diet quality: Healthy Eating Index score To assess the overall quality of diet, we applied the new 2005 USDA Healthy Eating Index (HEI), which is described in detail in Supplemental Table 1 (17) . It took into account energy intake requirements at various ages by using a density approach for each of the 12 components. The HEI ranges between 0 and 100. We used the HEI as a continuous outcome and also used the upper quintile ($80th percentile) to indicate "high" diet quality.
FF consumption indices
Two FF consumption indices were computed based on the mean intake of foods: a continuous FF consumption index (FF-CI), which consisted of the sum of all food items that were reported to be consumed at a FF restaurant in the two 24-h recalls, including beverages; and a binary FF-CI of consuming (=1; 24.8% in children and 32.8% in adolescents) compared with not (=0) the items included in the continuous index. 
Food price indices
Food price data were obtained from the American Chamber of Commerce Researchers Association (ACCRA) Cost of Living Index reports that contained quarterly information on prices across .300 U.S. cities annually. The ACCRA collected 62 different prices across a range of products. Price data, which were based on establishment samples, reflected a mid-management standard of living. For consistency, national brands were stipulated where possible. Otherwise, "lowest price" was specified and was the mean of the lowest prices found in all stores surveyed. These price data were matched to the CSFII sample based on the closest city match available in the ACCRA data using geocode data. Approximately 65% of participants in both age groups were exactly or closely matched to the nearest city, whereas the remaining sample was in a noncontiguous county to the closest matched ACCRA city. Proximity of the food price geocode match (within county level vs. next county or other county) to the household surveyed was considered a potential confounder in the multivariate analysis by including dummy variables indicating the proximity of the match level along with interaction terms of the match indicators with the 2 food price indices. For each year, the price data were averaged across quarters 1 through 4. From the items provided in the ACCRA data, we created 2 price indices (7). The first, the fruit and vegetable price index (FV-PI), was based on prices collected in the following 7 food categories: potatoes, bananas, lettuce, sweet peas, tomatoes, peaches, and frozen corn. ACCRA reported weights for each item based on expenditure shares derived from the Bureau of Labor Statistics Consumer Expenditure Survey. We used these weights to compute a weighted FV-PI based on the food items. The price was also deflated by the Bureau of Labor Statistics Consumer Price Index (1982-1984 = 1). The second price index was the FF price index (FF-PI), which was based on: 1) a McDonald's Quarter Pounder with cheese; 2) a thin crust regular cheese pizza at Pizza Hut and/or Pizza Inn; and 3) fried chicken (thigh and drumstick) at Kentucky Fried Chicken and/or Church's Fried Chicken. The FF-PI was computed as a mean of these 3 food prices, because they had equal weights, and was deflated by the Consumer Price Index.
Covariates
Poverty income ratio, family income. Household-level poverty income ratio (PIR; as a percentage of poverty line) was considered a confounder in part of the analysis and a potential effect modifier in another. It was categorized as 0-185% [poor: eligible for food stamps or the free or reduced priced national school meal program (18, 19) and over 185% (nonpoor)].
Other covariates. These included age, gender, and ethnicity (nonHispanic whites, non-Hispanic blacks, Hispanics, others), degree of urbanization of the geographical area in which households were selected (i.e. metropolitan statistical area: central city, suburban, and rural). We also controlled for the year of the survey using dummy variables. In addition, individual-level health condition was assessed by asking the following question: 'In general, would you say that your child's health is 1) excellent; 2) very good; 3) good; 4) fair; or 5) poor.' Health condition was mainly proxy-reported among children but mostly selfreported in adolescents.
Statistical methods
All analyses were conducted using the survey commands in STATA release 11 (20) to take into account the complex sampling design [i.e. specifying primary sampling units, strata, and weights (20) ] for variable probabilities of selection, differential response rates, and possible deficiencies in the sampling frame. Failure to account for sample design tends to yield underestimated SE of parameters and hence increases the Food price, diet, and BMI 305 risk of rejecting true null hypotheses (21) . In all tests, P , 0.05 was considered significant. However, regarding interaction terms, we used P , 0.10 due to their lower power compared with the main effects in the models (22) .
First, we described the characteristics of the study sample and stratified by household income. Differences in means between groups were tested using ANOVA and t tests. Associations between categorical variables were tested using x 2 tests. Next, multivariate linear regression analyses were conducted to test the associations between price indices (FF-PI and FV-PI) and continuous outcomes (dietary intakes, diet quality, and BMI). Furthermore, in the case of the continuous FF-CI, a count model was conducted. Poisson regression was attempted first and the deviance goodness-of-fit statistics for overdispersion was estimated. Given that it was highly significant, a more conservative model was used, the negative-binomial model, which does not have the assumption of mean count being equal to its variance, as is the case in the Poisson model. In these models, additional control was done on PIR.
Stratified analyses were carried out to test whether these associations varied across PIR. Control for all potential confounders described earlier was done, with both food prices (FF-PI and FV-PI) included in all models. Effect modification by PIR was further tested using interaction terms. For the binary outcome variables, logistic regression models were run controlling for the same confounding variables and these models also were stratified by PIR. Price indices were entered as Z-scores in all logistic models. All models controlled for survey year, proximity to price geocode (2 dummy variables and 4 price indices 3 dummy variable interactions), age, sex, ethnicity, education, PIR, urbanization, and health condition.
In addition, the associations among FF-PI, FV-PI, and HEI were graphically represented using fractional polynomial models (23) and stratified by age and PIR. Sampling weights were applied in all models.
Results
Characteristics of study population. Children and adolescents from higher household income groups had significantly higher HEI and lower BMI ( Table 1) . The lower income group (PIR: 0-185%) had lower FF consumption compared with the higher income group. Furthermore, FV intake was higher among higher income group. FV intake (expressed in g/d) in children consisted to a great extent of white potatoes and noncitrus fruit juices or mixtures. Among adolescents (10-18 y), FV intake was mostly composed of white potatoes and close to equal amounts Table 1 for more details about computations of the HEI. 3 Total fruits' and vegetables' servings were computed based on the mean of the two 24-h dietary recalls. 4 This index consisted of the number of food items consumed at FF restaurants over the two 24-h recall period. The binary index (% yes) is the proportion of participants who reported consuming at least 1 item at a FF restaurant during that period. of citrus and noncitrus fruits, juices, and mixtures. Food prices generally did not differ significantly by PIR, although FV-PI was significantly higher in the higher income group (PIR . 185%). Distribution by ethnicity, urbanization (both age groups), and self-rated health condition (children: 2-9 y only) also differed significantly by PIR group. In general, the higher income group had a significantly higher proportion of non-Hispanic whites, suburbs, and self-rated health as excellent compared with the lower income group.
Associations between food prices and dietary intakes and BMI. Among children (2-9 y), increasing FF-PI by $1 was significantly associated with higher HEI and lower FF-CI and with higher daily intakes in calcium, fiber, dairy, and FV ( Table  2) . Lower FV-PI was significantly associated with higher daily fiber intake and lower diet quality by increasing sodium and sugar intakes. Whereas FF-PI was not significantly associated with BMI, higher FV-PI by $1 was associated with significantly higher BMI by 4.3 kg/m 2 (SE: 1.2). Among adolescents (10-18 y), FF-PI was significantly and positively associated with HEI and calcium and dairy intakes. Lower FV-PI was significantly associated with higher intakes of calcium, fiber, and dairy products. Unexpectedly, FV-PI was inversely related to FF-CI, intakes of energy, sodium, sugar, and BMI.
PIR-stratified associations among food prices, dietary intakes, and BMI. The associations between FF-PI and dietary intake and quality varied across income groups ( Table 3) . Among children (2-9 y), significant interactions were observed for BMI, calcium, and fiber. Children from lower income (PIR: 0-185%) families had significantly higher BMI by a 6.2-point difference with each $1 increase in FV-PI, whereas the association was nonsignificant in the upper-income group (P-interaction , 0.10). Additionally, FF-PI was a positive predictor for a higher intake of calcium, an association that was stronger in the lower income group (P-interaction , 0.10). A similar pattern was found for FV intake among adolescents (10-18 y) in relation to FF-PI, although none of the stratum-specific associations were significant.
Using fractional polynomial models, predicted values of HEI scores were plotted against the main predictor variable (i.e. FF-PI and FV-PI, alternatively, expressed as Z-scores), stratified by PIR (Fig. 1) . Among children (2-9 y), FF-PI was found to be pseudo-linearly and positively associated with HEI in low income and high income groups. In contrast, a U-shaped relationship between FV-PI and HEI was observed. Among adolescents (10-18 y), only FF-PI in the lower income group was pseudo-linearly and positively associated with HEI, whereas a U-shaped pattern was observed for FV-PI (both strata) and FF-PI (upper income group).
Associations with selected binary outcomes. We tested a set of associations between food price indices expressed as Z-scores and several binary outcomes, higher diet quality (upper quintile of HEI) and consumption of foods at FF restaurants, FV consumption of $5 servings/d, but only a few were significant ( Table 4) . In children (2-9 y), an increase of 1 SD in FF-PI reduced the likelihood of consuming foods at FF restaurants by 18%, without significant income differentials, and was associated with consuming $5 servings of FV per day among the higher income group, with significant interaction between FF-PI and PIR (P-interaction , 0.10). In addition, a 1 SD increase in FV-PI was associated with reduced odds of FF-CI (yes vs. no) by 25% in the lower income group with a significant interaction between FV-PI and PIR (P-interaction , 0.10).
Among adolescents (10-18 y), FF-PI was directly associated with high HEI, without significant income differentials. FV-PI was not associated with high HEI. Among adolescents from the higher income families, there was a positive association between FV-PI and high HEI. FF-PI and FV-PI were not significantly associated with high FV intake ($5 servings/d).
Discussion
To our knowledge, this study is one of a few studies contributing to the growing literature on the contextual and environmental socioeconomic associations with dietary patterns and BMI and the first to examine the associations of FF-PI and FV-PI with FF Food price, diet, and BMI 307 consumption, dietary intakes, and diet quality among a nationally representative sample of U.S. children and adolescents. Our findings indicate that the variations in food prices might affect our outcomes in a manner that conforms to economic models, although there are some inconsistent findings, particularly among adolescents. Among children, higher FF-PI was associated with healthier eating patterns as indicated by lower FF-CI, a higher overall diet quality, and higher intakes of fiber, calcium, FV (grams and servings), and dairy. Second, higher FV-PI was associated with lower fiber intake but not with FF-CI and had unexpected lower intakes of sodium and sugar among participants from the higher income families. Higher FV-PI was associated with higher BMI, particularly among low-income children. These findings are consistent with the previous literature that found children's BMI to be sensitive to the price of FV with greater effects for lowincome children (13, 14) . Among adolescents, FF-PI was positively associated with HEI and with higher intakes of calcium and dairy products in the expected direction. Higher FV-PI was also expectedly associated with reduced intakes of fiber, calcium, and dairy among adolescents but was unexpectedly inversely related to adolescent BMI.
We did not find a significant association between FV price and FV consumption. The fact that FV-PI was positively 1 All models were adjusted for survey year, proximity to price geocode (2 dummy variables and 4 price indices 3 dummy variable interactions), age, sex, ethnicity, education, urbanization, and health condition. *P , 0.05. 2 P , 0.10 for some of the interaction terms. We fit a set of separate unstratified models, in which the interaction term PIR 3 food price index (FPI) were entered among the main effects including PIR and FPI. FPI in the interaction term was FF-PI in one model and FV-PI in another. 3 See Table 1 footnotes for definition of FF-CI. For this index, negative binomial models were used, given that the Poisson model did not yield adequate fit, based on the deviance test for overdispersion.
associated with BMI among children as expected, particularly for low-income children, whereas it was inversely associated with BMI among adolescents suggests that subsidies to reduce FV prices may only affect younger children's weight but not adolescents', although a number of positive nutrient associations were observed for adolescents. Our results also suggest that higher taxes on FF may improve overall diet quality among both children and adolescents, although no significant associations were found for weight outcomes. Our study has several strengths in making contributions to the existing literature regarding the determinants of young people's eating behaviors. First, it extended findings from the few previous reports that examined the relationship between food prices and obesity (13) (14) (15) by examining dietary intakes and using the new 2005 USDA HEI to measure overall dietary quality. Second, we used a large nationally representative dataset with a wealth of social, demographic, psychosocial, and nutritional information not previously used to examine these contextual influences for children and adolescents. Third, we found considerable income differences in the associations of food prices with dietary intakes and BMI among both U.S. children and adolescents. There is emerging evidence that more motivated subgroups may account for most of the change in the aggregate-level environmental impact (12) and that higher need groups, such as low-income populations, may not be equally Table 1 footnotes for definition of FF-CI. In this analysis, this index was used as a binary variable (0: no consumption; 1: at least 1 item consumed over the two 24-h recall period). 4 In general, 1 serving of fruit and vegetables consists of either of the following:
1 medium-sized fruit (such as apples, oranges, bananas, pears), 1/2 cup of raw, cooked, canned, or frozen fruits or vegetables, 3/4 cup (6 oz.) of 100% fruit or vegetable juice; 1/2 cup fruit, cut up; 1/2 cup cooked or canned legumes (such as beans and peas), 1 cup of raw, leafy vegetables (such as lettuce and spinach), or 1/4 cup dried fruit (such as raisins, apricots, mango). 5 P , 0.10 for some of the interaction terms: We fit a set of separate unstratified models, in which the interaction term PIR 3 food price index (FPI) was entered among the main effects including PIR and FPI. FPI in the interaction term was FF-PI in one model and FV-PI in another.
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influenced by such structural changes (13) (14) (15) . Finally, we examined the associations of FF and FV prices with FF-CI directly using a standardized food coding system applied to the two 24-h dietary recalls. Despite its strengths, our study has a few limitations. First, our findings were based on cross-sectional data, which restricted our ability to ascertain causal effects. Second, food price indices were computed based on city-level prices for each survey year. Ideally, price data should match each individual's more proximate neighborhood community. However, such data are not available to link with national dietary survey data. Moreover, the ACCRA price data are collected only in a limited number of cities, the data are based on establishment samples that reflect a mid-management (a higher) standard of living, and a small number of food items are surveyed and hence the data are limited in their representativeness across food groups. Despite these limitations, these price data have been used extensively because of their national coverage (24) . Another limitation may be residual confounding by access variables such as concentration of FF restaurants and large supermarkets at the geocode level considered. Some of our inconsistent findings regarding FF-PI's associations with dietary intakes may be explained by lack of access of the lower income groups to other dietary alternatives, which, if controlled for, might have yielded different results. Finally, self-or proxy-reported measures of weight and height are prone to measurement error, usually underreporting in weight (25, 26) .
Given the high prevalence of obesity and unhealthy eating patterns in the United States, there is a growing need to unveil all underlying factors, both individual and environmental. Public health nutrition advocates and researchers used the ecological and socioecological models to propose a wide range of interventions that would promote healthy eating and public health. Proposed interventions have included restricting the sales of soft drinks, candy bars, and other minimally nutritious foods in schools; labeling food products and menu choices with nutritional information; providing incentives for communities to expand their recreational areas and encourage physical activity; and implementing taxation and pricing incentives/disincentives to improve dietary intakes and physical activity levels (27) . These approaches are termed "structural" rather than information based, because they do not rely on individuals' nutritional knowledge to make desirable food choices (28).
Moreover, state-level food taxes may affect obesity prevalence. However, several studies that have examined associations with state-level food and beverage tax rates found minimal such evidence. This may be because the current soda and snack tax rates are not large enough to generate sufficient changes in consumption that affect people's weight (29) . Nevertheless, the potential of such taxes to generate revenues for obesity prevention activities can be seen as a rationale for their implementation. Our study suggests that raising the price of FF may be an effective way to counter poor diet quality and excessive FF consumption among U.S. children and adolescents. Among children aged 2-9 y, the association was stronger among the poor (PIR , 185%) population. In addition, lowering the price of FV may be an effective way to promote FV consumption and reduce BMI among children. In particular, the results suggest that subsidies would likely have the greatest potential impact on BMI when targeted to low-income families.
Future longitudinal studies with detailed data of food prices at the community or neighborhood levels as well as information regarding accessibility to various food stores and restaurants are needed to fully understand the impacts of food prices on people's dietary intakes and their risk of developing obesity.
